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Androgens stimulate many hair follicles, e.g., beard, but
may cause regression on the scalp; occipital areas are
considered androgen independent. The mesenchyme-
derived dermal papilla that regulates the hair follicle is
considered the site of androgen action. Because hair size
has been clearly related to dermal papilla size, one of the
key functions androgens must regulate is the size of the
dermal papilla. This implies that androgens stimulate
dermal papilla cells to divide or to secrete autocrine
mitogenic factors. As physiologic levels of androgens do
not stimulate mitogenesis in cultured dermal papilla cells,
this study was designed to determine whether dermal
papilla cells cultured from human hair follicles with
different responses to androgens in vivo, i.e., androgen-
dependent beard and androgen-independent nonbalding
scalp, produce soluble autocrine mitogenic factors and,
if so, whether either cell type altered their secretion in
response to testosterone in vitro. Conditioned medium
was prepared by incubating individual primary lines of
cells for 24 h with, and without, testosterone (10–10–10–5
M). All conditioned media significantly increased
The hair follicle is a highly organized complex biologicsystem. It undergoes precisely controlled cycles ofgrowth, rest, and regeneration, producing successivegenerations of hairs that may differ greatly from thoseof previous cycles in color, length, and thickness. When
follicles change in size the ratio between the size of the dermal papilla
and the hair produced remains constant (Van Scott and Ekel, 1958;
Ibrahim and Wright, 1982). Because the mesenchyme-derived dermal
papilla plays an important regulatory role in hair growth and determines
the type of hair produced by the follicle (Oliver, 1966, 1967; Jahoda
and Reynolds, 1996), alterations in dermal papilla size may well be
the key to changes in the size of the hair produced by a follicle.
Androgens are the main regulators of changes in hair size in humans.
Paradoxically, they stimulate growth of larger hairs in some sites, e.g.,
beard, pubis, and axilla, have little effect in other sites, e.g., eyelashes
and occipital scalp, yet cause regression on defined areas of the scalp
in genetically disposed individuals (reviewed by Randall, 1994). The
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[3H]thymidine incorporation by other dermal papilla
cells; trypsin treatment significantly reduced the effect.
Although both beard and scalp cell conditioned media
had a similar stimulatory potential, beard cells incorpor-
ated approximately double the [3H]thymidine of scalp
cells, in both types of media. Physiologic levels of testo-
sterone increased mitogenic factor production by beard,
but not scalp cells; only beard cells responded to these
factor(s). Testosterone added after conditioning had no
effect, indicating stimulation was not a synergistic effect
of testosterone and conditioned medium. Thus, both
beard and scalp cells release similar autocrine growth
factor(s), but their response to these factor(s) is deter-
mined by their in vivo origin. Testosterone in vitro stimu-
lates secretion of an autocrine growth factor(s) by beard,
but not scalp cells, to which only beard cells are able to
respond, reflecting the responses to androgens in vivo.
These factors may be involved in the key increase of
dermal papilla size necessary for androgen-induced
changes in hair size. Key words: androgens/hair follicles.
J Invest Dermatol 111:727–732, 1998
mechanisms by which androgens cause such diverse effects in the same
tissues, within the same individual, are unknown. Androgens probably
act on the hair follicle via the mesenchyme-derived dermal papilla.
This hypothesis, discussed previously (Randall et al, 1991; Randall,
1994), involves androgens entering the dermal papilla, binding to
receptors in the dermal papilla cells, and triggering an alteration in the
regulatory factors they produce that then influence the growth and
activity of other follicular cells, e.g., the keratinocytes and melanocytes.
The androgen targets must also include the dermal papilla cells
themselves as the size of the dermal papilla itself must change according
to the earlier histologic investigations; this aspect of androgen action
on hair follicles has generally been overlooked. Certainly, isolated
dermal papillae from thick beard hair follicles are much larger than
those from nonbalding scalp (Randall et al, 1991), which in turn are
larger than those from androgenetic alopecia follicles (Van Scott and
Ekel, 1958; Randall et al, 1996). Androgens could simply increase
mitosis in the dermal papilla to cause an increase in size, but this would
presumably have a rapid effect, whereas the response of hair follicles
to androgens is noticably gradual as seen by the slow appearance of
androgen-dependent beard, pubic, axilliary, chest and ear canal hair
(reviewed Randall et al, 1991; Randall, 1994), and male pattern baldness
(Hamilton, 1942). Certainly, earlier studies of dermal papilla cells from
beard and scalp found that physiologic levels of either testosterone or the
nonmetabolisable androgen mibolerone had no effect on mitogenesis
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(Thornton et al, 1991). This suggests that androgens may stimulate
dermal papilla cells to alter their production of autocrine mitogenic
factors, which act on the dermal papilla cells themselves. To test this
hypothesis, the effects of androgens on the production of mitogenic
facators by cultured dermal papilla cells has been investigated.
Primary lines of cultured dermal papilla cells derived from follicles
with differing responses to androgens in vivo offer a useful model
system in which to study androgen action in human hair follicles.
Dermal papilla cells cultured from rat (Jahoda et al, 1984), human
(Messenger et al, 1986), and red deer (Thornton et al, 1996) hair
follicles display morphologic and behavioral properties distinct from
dermal fibroblasts, and cultured rat and human dermal papilla cells
retain their inductive capacity when reimplanted in vivo (Jahoda et al,
1984; Reynolds and Jahoda, 1992; Jahoda and Reynolds, 1996).
Cultured human dermal papilla cells retain characteristics in vitro that
reflect the sensitivity of the follicle to androgens in vivo. Cells derived
from beard or balding scalp follicles contain higher levels of androgen
receptors than those from nonbalding scalp (Randall et al, 1992;
Hibberts et al, 1998), and only beard cells metabolise testosterone
to significant amounts of 5α-dihydrotestosterone (17β-hydroxy-5α-
androstan-3-one) (Itami et al, 1990; Thornton et al, 1993), unlike
pubic and axillary cells (Hamada et al, 1996) in line with hair growth
in 5α-reductase deficiency (Imperato-McGinley and Gautier, 1986).
This study was designed to investigate whether primary cell lines of
dermal papilla cells secrete soluble growth-promoting factors into their
culture medium that have a mitogenic effect on other primary dermal
papilla cells. To determine whether there were any effects of androgens
either in vivo or in vitro on paracrine regulation, cells derived from
androgen-dependent beard follicles were compared with androgen-
independent nonbalding scalp cells to establish whether there were any
differences in the substances produced by the cells, in the presence, or
absence, of a range of concentrations of testosterone in vitro.
MATERIALS AND METHODS
Cell culture Dermal papillae were isolated from normal human hair follicles
and cultured according to the method of Messenger (1984). Skin samples were
obtained from waste by-products during routine clinical excisions from 21
patients. All skin samples appeared normal and were taken either from adult
male beard or from the occipital and parietal regions of male or female patients
with no apparent tendency to alopecia. Briefly, dermal papillae were individually
microdissected from the base of anagen hair follicles, transferred to 35 mm Petri
dishes (Falcon Labware, Becton Dickenson, Oxford, U.K.), and incubated in
medium E199 supplemented with glutamine (2 nmol per ml), penicillin
(100 IU per ml), streptomycin (100 µs g per ml) (ICN Pharmaceuticals Ltd,
Thame, U.K.) (serum-free medium) plus 20% fetal bovine serum (Globepharm
Ltd, Guildford, U.K.) (normal growth medium) for 2–3 wk. The cell outgrowths
were subsequently subcultured into a 25 cm2 tissue-culture flask (Flow Laborat-
ories) and thereafter subcultured with a split ratio of 1:3 every 2 wk. The cells
grew slowly, taking up to 2 wk to become confluent. Because they were also
short-lived, often showing signs of degeneration by passage 7 or 8, the number
of cells obtained from each skin sample and the subsequent primary cultures
were always very limited. All cells were assayed at passage 3, 4, or 5, meaning
that µ6–10 wk were needed to grow sufficient cells for each cell line.
The secretion of mitogenic factors by cultured beard and scalp dermal
papilla cells
Preparation of beard and scalp dermal papilla cell conditioned medium Primary lines
of beard and scalp dermal papilla cells were grown in 100 mm tissue culture-
treated Petri dishes (Falcon Labware) in normal growth medium until almost
confluent. The medium was removed and the cells were washed with phosphate-
buffered saline before incubating in serum-free medium for 24 h. The resulting
conditioned medium was removed from the dishes and stored at –20°C until
required. Conditioned medium was collected from 10 beard and 10 scalp
dermal papilla cell lines; each medium was assayed individually for an effect on
the DNA synthesis of other dermal papilla cells. The basal rate of [3H]thymidine
incorporation into each cell line was assayed using the unconditioned serum-
free medium.
Assay for assessing mitogenic activity in the conditioned media Beard and scalp
dermal papilla cells (passages 3–5) seeded into 24 well plates (Linbro, Flow
Laboratories) at a density of 2 3 104 cells in 1 ml of normal growth medium
were incubated at 37°C for 3–4 d until almost confluent. The growth medium
was removed, and the cells washed with 1 ml of phosphate-buffered saline
(32) before the addition of 1 ml of serum-free medium for 48 h prior to
the assay to eliminate any growth-promoting effects of previous incubation
conditions. Cultured dermal papilla cells survive well in serum-free medium
for this period of time (Randall et al, 1991, 1992). Each cell line was incubated
with a conditioned medium derived from a different cell line for 24 h; the
medium was then replaced with the same batch of conditioned medium plus
0.5 µCi of methyl-[3H]thymidine (S.A. 0.925 TBq per mmol) (Amersham
International, Bucks, U.K.). The cells were incubated for a further 6 h, before
removal of the medium and washing with 1 ml phosphate-buffered saline (32).
The proteins in each well were precipitated by the addition of a 10% solution
of trichloroacetic acid for 10 min at 4°C, before digestion in 400 µl of 1 M
sodium hydroxide for about 16 h at 37°C. The amount of radioactivity in the
cell digests was then estimated in triplicate using an LKB liquid scintillation
spectrophotometer with a counting efficiency of 50%.
The [3H]thymidine uptake by each cell line of dermal papilla cells treated
with each conditioned medium was assayed in three separate wells. Three
separate wells incubated in untreated serum-free medium were included as
controls for each cell line to measure the basal rate of [3H]thymidine uptake.
Three wells incubated in serum-free medium without [3H]thymidine were also
included for estimating cell numbers by hemocytometry.
The effect of increasing concentrations of conditioned medium on [3H]thymidine
incorporation by dermal papilla cells Different concentrations of the same
conditioned medium (0%, 20%, 40%, 60%, 80%, 100%) from three different
cell lines were used to treat each of three different normal scalp cell lines to
determine the optimal concentration of conditioned medium. In each case the
medium was diluted with untreated serum-free medium. All further assays were
carried out using 100% concentration of conditioned medium.
The effect of trypsin treatment on mitogenic activity of dermal papilla cell conditioned
medium After thawing, conditioned medium was divided into two volumes.
One was incubated with 1 mg Trypsin per ml at 37°C for 30 min, followed
by 3 mg soybean trypsin inhibitor per ml under the same conditions, and
centrifuged for 1 min at 700 3 g before use to remove any sediment. The
remainder was incubated in parallel at 37°C. Both were used to assess the
uptake of thymidine compared with control serum-free medium.
The effect of in vitro testosterone on the secretion of mitogenic factors
by beard and scalp dermal papilla cells
Media conditioned by beard and scalp dermal papilla cells in the presence of testosterone
Cells were seeded into 16 mm 24 well plates (Linbro, Flow Laboratories) and
grown in normal growth medium until almost confluent. After removal of the
medium, the cells were washed with phosphate-buffered saline (32) and
incubated in 1 ml of serum-free medium for 48 h to remove any endogenous
androgens. This medium was replaced with 1 ml of serum-free medium
containing testosterone at 10–5, 10–6, 10–7, 10–8, 10–9, or 10–10 M. Three wells
were incubated at each concentration and the media were pooled when
collected. Three wells of cells were also incubated in serum-free medium with
the alcohol vehicle (0.01%) to determine the basal rate of [3H]thymidine uptake.
All the conditioned media were collected after 24 h incubation and stored at
–20°C until required. The conditioned medium from each primary cell line
was analyzed separately for mitogenic activity on other beard and scalp dermal
papilla cells as outlined above. In the testosterone-conditioned medium assays,
three wells were also incubated with the same conditioned medium produced
in the absence of testosterone and containing the alcohol vehicle as controls.
This gave an indication of the basal rate of DNA synthesis in each cell line
under these conditions.
Testosterone added to dermal papilla cell conditioned medium Conditioned medium
was prepared as described above in the absence of testosterone. Testosterone
(10–6, 10–7, 10–8, 10–9, or 10–10 M) was added to the conditioned medium
only at the time it was assayed on other dermal papilla cells. The [3H]thymidine
uptake of three wells incubated with the same conditioned medium, but no
added testosterone (alcohol vehicle 0.01%) gave an indication of the basal rate
of DNA synthesis in each cell line for this experiment.
Statistical analysis Data are presented as means 6 SEM. Differences between
the samples were analyzed by paired Student’s t test and by one-way analysis
of variance.
RESULTS
Conditioned medium stimulated [3H]thymidine uptake by
dermal papilla cells in a dose-responsive manner The confirma-
tion that this [3H]thymidine assay is suitable to assess the DNA synthesis
of cultured dermal papilla cells has been described elsewhere (Thornton
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Figure 1. Dermal papilla cell-conditioned medium stimulates
[3H]thymidine uptake by dermal papilla cells in a dose-responsive
manner. The effects of increasing concentrations of media conditioned by
scalp dermal papilla cells on [3H]thymidine uptake by other scalp dermal papilla
cells (mean 6 SEM; n 5 3). Each conditioned medium was diluted with
untreated serum-free medium.
Figure 2. Trypsin treatment reduces the mitogenic capacity of dermal
papilla cell conditioned medium. The effect of trypsin treatment on the
growth-promoting activity of scalp dermal papilla cell-conditioned medium on
other scalp dermal papilla cells (mean 6 SEM; n 5 3).
et al, 1991). The dose-response assays (Fig 1) confirmed that thymidine
uptake by normal scalp dermal papilla cells increased with increasing
concentrations of the dermal papilla cell conditioned media, with
optimal uptake at 100% concentration of conditioned medium.
Trypsin reduced the mitogenic activity of conditioned
media Trypsin treatment of conditioned media reduced thymidine
uptake to about 15% of the control conditioned medium (Fig 2),
Figure 3. Dermal papilla cells from beard and scalp secrete soluble
autocrine/paracrine mitogenic factors that stimulate other beard and
scalp dermal papilla cells. Mitogenic capability was assayed by measuring
[3H]thymidine incorporation of target cells. The effect of each conditional
medium was assayed in triplicate on other individual cell lines. Each point
represents the mean 6 SEM. (a) Effect of non-balding scalp cell-conditioned
medium. Conditioned medium derived from eight cell lines of nonbalding
scalp cells stimulated the rate of DNA synthesis by beard dermal papilla cells
(four cell lines; eight assays) and other scalp dermal papilla cells (four cell lines;
nine assays). (b) Effect of beard cell-conditioned medium. Conditioned medium
derived from nine cell lines of dermal papilla cells beard stimulated the rate of
DNA synthesis by other beard (four cell lines; nine assays) and scalp (five cell
lines; 10 assays) dermal papilla cells, unlike untreated serum-free medium. (c)
Comparison of 12 identical media on the same cells. To confirm the difference
in response between the cell types the effects of the conditioned media (n 5
12) derived from either nonbalding scalp or beard dermal papilla cells were
assayed on the same individual scalp (n 5 3) and beard (n 5 3) dermal papilla
cell lines. Beard cells responded by incorporating almost twice the [3H]thymidine
than other scalp dermal papilla cells treated with the same conditioned
media (p , 0.01).
indicating that the mitogenic factors released into the medium are
proteinaceous.
Beard and scalp cell conditioned media had mitogenic effects
on dermal papilla cells Conditioned medium from both beard
(p , 0.01) and scalp (p , 0.01) dermal papilla cells significantly
increased the uptake of [3H]thymidine of both beard and scalp cells
compared with control medium (Fig 3). Although there was no
difference in mitogenic capacity of beard and scalp media, the response
of beard and scalp cells to the same type of media consistently differed.
This was confirmed by assaying the same media from 12 cell lines on
the same cell lines of beard (n 5 3) and scalp (n 5 3) at the same
time (Fig 3c). Uptake of [3H]thymidine by beard cells was almost
twice that of control scalp cells in the presence of conditioned medium
from either cell type (p , 0.01).
Testosterone in vitro increased the mitogenic capacity of condi-
tioned medium produced by beard but not scalp dermal papilla
cells Because conditioned medium has a greater effect on beard cells
than scalp cells, the basal rate of [3H]thymidine incorporation into
dermal papilla cells in this experiment was determined by treating the
cells with medium that had been conditioned by the same cells in the
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Figure 4. Testosterone in vitro stimulated the production of autocrine
mitogenic factors by androgen-dependent beard dermal papilla cells
but not androgen-independent nonbalding scalp cells. (a) Beard cell
testosterone-conditioned medium. The effect of medium conditioned by beard
dermal papilla cells (four media) in the presence of increasing concentrations of
testosterone assayed on the rates of DNA synthesis by other beard dermal papilla
cells (four cell lines) and nonbalding scalp dermal papilla cells (four lines). The
basal line represents the uptake of [3H]thymidine in the presence of the same
serum-free medium conditioned in the absence of testosteone. Each point
represents the mean (6 SEM) of each individual cell line measured in
triplicate. (b) Scalp cell testosterone-conditioned medium. The effect of medium
conditioned by scalp dermal papilla cells (seven media) in the presence of
various concentrations of testosterone assayed on the rates of DNA synthesis
by beard dermal papilla cells (four lines) and nonbalding scalp dermal papilla
cells (three lines) as described in (a). (c) Testosterone added to beard media after
conditioning. Adding testosterone to medium after it had been conditioned by
beard dermal papilla cells (n 5 4) on the rate of DNA synthesis by other beard
dermal papilla cells (n 5 4) had no effect. The basal line represents the uptake
of [3H]thymidine in the presence of conditioned medium without the addition
of testosterone. Each point represents the mean (6SEM) of each individual cell
line measured in triplicate.
absence of testosterone. In order to standardize the basal rate for all
beard and scalp lines, and to make their comparison easier, uptake in
the absence of testosterone was taken as zero and the uptake of
thymidine at all other concentrations of testosterone was calculated
from this figure for each individual cell line (Fig 4).
Beard cell conditioned medium [3H]Thymidine incorporation by beard
dermal papilla cells increased with the testosterone concentration in
the conditioned medium derived from other beard dermal papilla cells
in the presence of testosterone in a dose-responsive manner, being
maximal at a concentration of 10–8 M (see Fig 4a). At this concentration
[3H]thymidine uptake was significantly higher (p , 0.05) than the
basal rate of cells incubated in media conditioned in the absence of
testosterone; the uptake was significantly reduced from this peak when
the concentration of testosterone in the conditioned medium was
increased to 10–5 M (p , 0.01). There was no response to testosterone
when the media were assayed on scalp cells (Fig 4a).
Scalp cell conditioned medium A similar study using media conditioned
by scalp cells in the presence of testosterone is shown in Fig 4(b). The
presence of testosterone had little effect on the rates of DNA synthesis
by either beard or scalp dermal papilla cells, except for slight insignificant
inhibition at 10–5 M in both cell types.
Beard cell conditioned medium plus exogenous testosterone To determine
whether the increase in DNA synthesis by beard dermal papilla cells
was due to factor(s) produced by beard dermal papilla cells in response
to testosterone, or a synergistic effect of testosterone and some
component of beard cell conditioned medium, the effects of adding
testosterone (10–6–10–10 M) to the medium after it had been condi-
tioned by beard dermal papilla cells was assayed using other beard dermal
papilla cells (Fig 4c). The basal rate of [3H]thymidine incorporation was
determined by treating the cells with the same conditioned medium
without the addition of testosterone. Testosterone had no measurable
effect on the rate of DNA synthesis by beard dermal papilla cells.
DISCUSSION
Cell growth in culture can be assessed by many different methods;
[3H]thymidine uptake is a rapid and convenient method that indicates
DNA synthesis in dermal papilla cells (Thornton et al, 1991). Ultrastruc-
tural examination has also demonstrated that dermal papilla cells grown
in serum-free medium for 24 h appear healthy with apparently normal
mitochondria and plentiful rough endoplasmic reticulum and Golgi
apparatus, indicating a well-developed ability to synthesize and secrete
proteins for export (Randall et al, 1991). In this study both beard and
nonbalding scalp dermal papilla cells secreted soluble factors over 24 h,
which stimulated the growth of other beard and scalp dermal papilla
cells; these factors appear to be proteinaceous as their effects are
destroyed by trypsin. Because a concentration of 100% conditioned
medium was the most effective at promoting DNA synthesis, the
factor(s) appear to possess mitogenic properties that overcome any
depletion of nutrients/secreted waste products in the medium produced
by the original cells.
Both beard and scalp dermal papilla cells secrete mitogenic
factors Although beard and scalp dermal papilla cells clearly have
different responses to androgens in vivo, without androgen stimulation
in vitro they appear to release, and respond to, the same factor(s). This
suggests that these substances may be required for the maintenance of
dermal papilla cell activity as both types of cells are supporting full
terminal hair growth in vivo during long growth periods. Alternatively,
the dermal papilla cells may respond to factors primarily aimed at other
follicular target cells such as keratinocytes.
Because the factor(s) released are able to act in an autocrine/paracrine
fashion, the greater response of beard dermal papilla cells suggests that
beard cells have more, or different, receptors for these factor(s). This
may explain why beard hair follicles partially maintain their large shape
in vivo once they have been exposed to androgens during puberty,
even if the man is castrated (Hamilton, 1958). On the other hand,
cultured beard dermal papilla cells grow faster than scalp cells with a
doubling time of less than half that of scalp cells,2 so the greater
response to dermal papilla cell media may purely reflect a differential
in the gene expression of factors involved in mitosis in the two cell types.
Testosterone in vitro only stimulated the secretion of more
mitogenic factors in beard cells The presence of testosterone had
no effect on the mitogenic capacity of media produced by scalp cells
when assayed on either beard or scalp dermal papilla cells; however,
beard cell media conditioned in the presence of testosterone stimulated
a dose-responsive increase in DNA synthesis by beard cells at physiologic
levels, suggesting that testosterone in vitro stimulated the synthesis of a
new mitogenic factor or factors, or increased production of the existing
factor(s). The possibility that this response was due to a synergistic
effect of testosterone and a factor in the conditioned medium was
2Randall VA, Messenger AG: The growth of cultured human dermal papilla
cells from beard and scalp hair follicles. J Endocrinol 108:120, 1986 (abstr.)
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ruled out by adding testosterone to beard-conditioned medium after
the conditioning.
It presumably takes a major proportion of the 24 h conditioning
period before concentrations of the secreted factors reach levels that
can stimulate beard cell DNA synthesis, because no effect of similar
concentrations of testosterone was detected when this was added to
either serum-free (Thornton et al, 1991) or conditioned media (Fig 4c)
for 24 h. Because testosterone-stimulated beard-conditioned medium
had no similar effect on scalp cells, the androgen-regulated factor(s)
may be novel mitogen(s) rather than increased amounts of the previ-
ous factors.
On the other hand, the scalp cells may have been maximally
stimulated by the existing factor(s) in the conditioned media, as they
appeared to have less receptors or ability than beard cells for the
factor(s) released without androgen stimulation (Fig 3).
Therefore, it appears that only beard dermal papilla cells have the
ability to respond to testosterone in vitro by producing this possibly
new mitogenic factor(s), and even more interestingly, that only beard
cells are able to respond. This suggests that these factor(s) may play a
role in the gradual increase in dermal papilla size caused during the
androgen-mediated enlargement of hair follicles. Autocrine mitogen
secretion was originally postulated as a mechanism by which tumor
cells achieved independent growth, but there is now considerable
evidence that autocrine circuits operate in the regulation of growth by
normal adult tissues (Dawson and Winford-Thomas, 1995). A possible
hypothesis is that the androgen-stimulated production of such autoc-
rine/paracrine factors by dermal papilla cells leads to an increase in
dermal papilla cell numbers at the beginning of each cycle, gradually
increasing the number of the papilla cells and possibly altering their
phenotype, causing them to express more receptors for this or other
mitogenic factors.
Although dermal papilla cells are not generally believed to undergo
much, if any, cell division during the normal hair growth cycle, these
observations are based on rodent pelage follicles that regularly produce
the same sized hair after each moult (Pierard and Brassinne, 1975).
Follicles in balding regions of the stump-tailed macque that were
stimulated to enlarge by minoxidil treatment did show a much increased
uptake of [3H]thymidine in early anagen dermal papillae (Uno, 1991).
Cultured human dermal papilla cells have been shown to secrete factors
that stimulate various other cell types that relate to hair follicle activity
(Limat et al, 1993; Buffey et al, 1994; Itami et al, 1995a).3,4
Testosterone increased the mitogenic capacity of beard dermal papilla
cell-conditioned media on outer root sheath cells (Itami et al, 1995a,
b) and skin keratinocytes.3 Whether the androgen-regulated factors
stimulating keratinocytes and dermal papilla cells are the same or
different is not yet clear. Nevertheless, because the hair follicle is such
a complex, highly organized system, it seems unlikely that a single
messenger would act on the rapid growth of keratinocytes and the
gradual transformation of the dermal papilla over several cycles from
its small size in the child’s facial follicle to the much larger size in the
fully developed beard follicle. Certainly, treatment of hirsute women
by the anti-androgen, cyproterone acetate, had dramatic effects in
reducing sebum production in the first month, but took 4 mo to
significantly affect hair growth on the thigh and much longer on the
face (Sawers et al, 1982). The differences in response between the
sebaceous gland and hair follicles suggest that the anti-androgen was
not simply reducing keratinocyte growth in follicles already in anagen,
like the rapid blocking of sebum production by the sebaceous gland.
In addition, the much longer response time of facial follicles to those
on the thigh correlates with the much longer hair cycle on the face
compared with the thigh (Sawers et al, 1982). This supports the concept
3Hibberts NA, Quick JR, Messenger AG, Randall VA: Only androgen-
dependent cultured dermal papilla cells secrete additional proteinaceous factors
mitogenic for keratinocytes. Br J Dermatol 131:427, 1994 (abstr.)
4Hibberts NA, Kato S, Messenger AG, Randall VA: Dermal papilla cells
from the human hair follicle secrete factors (e.g. VEGF) mitogenic for endothelial
cells. J Invest Dermatol 106:862, 1996 (abstr). (Currently being revised for
publication in J Invest Dermatol.)
of a major action of androgens occurring prior to, or during the early
stages of, anagen.
The identification of factors produced by human dermal papilla cells
so far has shown that the androgen response is complex. As well as
increasing production of IGF-1 in response to testosterone in vitro
(Itami et al, 1995b), beard cells secrete more stem cell factor, a
melanocyte regulatory factor, in culture than scalp cells, but do not
alter their secretion in response to testosterone in vitro (Hibberts et al,
1996), whereas both cell types secrete similar amounts of vascular
endothelial growth factor whose main target would presumably be
the microvascular endothelial cells.3 The identification of androgen-
regulated mitogenic factors, in particular those affecting only beard
dermal papilla cells, requires further elucidation to enable better
understanding of the poorly controlled androgen-dependent hair follicle
disorders, such as hirsutism and androgenetic alopecia.
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